Dr Lynne Reid (Institute ofDiseases ofthe Chest and Brompton Hospital, London)
Mucus in Respiratory Disease
We are far from being able to relate usefully the chemical structure of mucus to its physical properties, although it is clear that disturbances in mucus secretion are an important manifestation of disease and an important cause of disability. Although I shall deal with the lower rather than the upper respiratory tract, because our studies have been mainly concerned with this region, the mucus-secreting structures and the diseases which beset them are similar in both.
Mucus is secreted by the goblet cells of the surface epithelium and by the glands deep in the wall of the respiratory tract. Not all the cells of the surface epithelium are goblet cells and a transudate through the other cells contributes to the secretion (Florey et al. 1932) . The glands in the wall also make a mixed contribution; some of the cells are mucous and distended, others are serous and granular, the two types probably having separate secretions. Both are represented in the upper and lower respiratory tracts.
Control of mucus secretion: Florey and his colleagues in their studies on the cat and dog showed that the goblet cells of the surface epithelium secrete in response to direct irritation, whereas the glands deep in the wall secrete as a result of nervous reflex mediated through the vagus nerve. Section of the vagus prevented reflex secretion of the glands arising on irritation of the surface epithelium. Dr D Lamb, in my Department, has extended these studies to man using organ culture of the human bronchial wall and has shown a similar pattem of control (Lamb 1966, personal communication) . Acetylcholine causes both granular and distended gland cells to empty but has no effect on the goblet cells of the surface epithelium: atropine on the other hand delays the rate of secretion in the gland cells. The cells can also be considered to have basic. secretion which is independent ofsuch stimulation.
I want now to contrast the changes in two conditions affecting the bronchial tree, chronic bronchitis and pituitous catarrh; similar affections are seen in both lower and upper respiratory tracts. I shall illustrate the changes in these diseases by reference to a variety of techniques that we have used to investigate the formation of mucus in the bronchial tree. The bronchial mucous glands lie between epithelium and cartilage as well as between and external to plates of cartilage. B represents the internal thickness of wall, the distance between basement membrane of epithelium and inner aspect of cartilage. A indicates the thickness of the gland at the same point. These are expressed as a gland/wall ratio, which is relatively constant even though the thickness measurements may vary In chronic bronchitis the characteristic change in the airways is a hypertrophy of the glands of the wall of the bronchial tree and a considerable extension of the goblet cells to the most peripheral airwaysin which no more than an occasional goblet cell is normally seen. The size of the mucous glands is increased (Fig 1) and the goblet cells are increased in number and in the level to which they extend along the bronchial tree.
The gland size can be conveniently expressed as a gland-to-wall ratio (G/W ratio) (Reid 1960) . At a point where the epithelium is roughly parallel to the edge of the cartilage, the distance between the two is measured with a graticule set in the eyepiece of the microscope (Fig 2) : at the same point also the thickness of the wall of the gland is measured. The resulting ratio is useful as it is independent of the size of the airway. In the normal personthis virtually means a nonsmokerit is below 0-35:1; in a chronic bronchitic it is usually over 0 45 :1 and may be as high as 0-8:1. There was no overlap in the ratio between the normal group and the chronic bronchitic (Fig 3) . This simple method of measurement has proved valuable in the diagnosis of chronic bronchitis at autopsy and in comparing the changes found in patients in different countries. Additional measurements of gland hypertrophy can be used (Reid 1960 (Reid , 1964 .
Histochemical studies: The measure of the hypertrophy of the glands serves as a yardstick for the diagnosis of chronic bronchitis but the question then arises whether the mucus secreted by these glands is biochemically normal.
Epithelial mucus contains acid and neutral mucopolysaccharides. The acid mucopolysaccharide arises from the presence either of sialic acid or of sulphate: sialic acid can be identified by the use of an enzyme, sialidase, which removes sialic acid from tissue (Spicer & Warren 1960) , whereas sulphate cannot be identified with certainty by staining and its presence is best demonstrated by the uptake of radioactive sulphate in organ culture and its subsequent demonstration by autoradiographs (McCarthy et al. 1962 , Lamb 1966 .
Glandular mucin has been investigated both histocheirically and by organ culture (Trowell 1959) . Use of the enzyme sialidase has shown that in the human respiratory tract, although sialomucins are present, there are also acid mucopolysaccharides which are resistant to the enzyme. Tissue culture has shown that sulphate is taken up by the glands in the human bronchial tree (Lamb 1966, personal communication). There is a considerable species difference in the type of mucopolysaccharide in the epithelium and in the amount and nature of any acid mucopolysaccharide (McCarthy & Reid 1964a, b) . In the human bronchus it can be shown that sulphate is taken up both into the goblet cells of the surface epithelium and into the glands in large amounts (Lamb 1966, personal communication) . Experimental 'model' of chronic bronchitis: An experimental model of chronic bronchitis has been produced by exposing rats to sulphur dioxide thereby producing an increase in goblet cells, extending to the periphery of the lung where they reach terminal bronchioli (Reid 1963) . As this has occurred in animals whose lungs are sterile, the irritant does not produce its effect through infection nor are bacteria necessarily recovered from these animals; in fact during the period of exposure the bacteria recovered from the exposed animals were no more than from the controls. An excess of secretion was visible within the bronchial tree some weeks after exposure to SO2 had started and by six weeks an excess of cells could be counted and could be detected well out to the periphery of the bronchial tree. It seemed that these cells did not go on increasing in number on removal of the irritant. On the other hand it was not possible, up to three months after stopping exposure, to show that there had been a statistically significant regression in the number of cells.
This increase in goblet cells would seem to be a nonspecific response to irritation. Recent experiments (Lamb 1966, personal communication) have shown that the goblet cells may increase without any denudation of the epithelium. The number of mitoses accumulating after a four-hour dose of colchicine rose in the first few days after damage started but had already fallen to nearly normal levels before the rise in goblet cells was detected. It was interesting to find that there was a rise in the number of mitoses even in the mucous glands and their ducts which presumably were not exposed to direct irritation in the same way as the surface epithelium.
The chemical type of mucopolysaccharide within the goblet cells in the rat lung varies in different regions (McCarthy & Reid 1964a ). In the trachea and large airways almost all the goblet cells contained sulphate whereas in the peripheral airways the acid mucopolysaccharide-containing cells are all completely susceptible to sialidase, indicating that the only acid mucopolysaccharide present is a sialomucin. Applying these histochemical studies to animals after exposure to SO2 it was striking to find that most of the new cells were sulphated and that sialomucin alone could be detected only at the most peripheral millimetre or so along any pathway. Thus within an extremely short space of time the type of mucus produced by a cell was changed under irritation.
Pituitous catarrh: In chronic bronchitis it would seem that the 'mucus factory' is increased in size and probably the output of the individual cells is also increased. This latter can be shown by the turnover of radioactive sulphate (Lamb 1966, personal communication) .
I want now to contrast this with a condition in which the 'factory' seems not to be hypertrophied but in which there seems to be a disturbance of production. Pituitous catarrh is a relatively rare condition in which patients produce from half a pint to a pint of thin secretion in twenty-four hours. The patient's estimate of his sputum production is often not believed but the amount can be confirmed if the twenty-four-hour sputum production is collected and measured. Histological examination of the biopsy material that we have seen has failed to show any gland hypertrophy, in fact rather the reverse: in the most severe case that we have seen the cells appear rather as ghost cells, that is, the intracellular mucus content is considerably reduced.
We have supplemented our investigation of the intracellular mucus by biochemical studies of sputum and used sialic acid as a marker to the presence of mucopolysaccharide. This has been useful first of all to establish that such patients are not coughing up saliva, since the content of sialic acid in these patients, while considerably less than in patients with typical chronic bronchitis, is much more than is present in saliva (Keal 1966, personal communication) .
These two conditions respond differently to steroids. In chronic bronchitis the administration of steroid has very little effect on the amount of sputum produced, whereas in pituitous catarrh the amount of sputum characteristically falls. This reduction in the amount of sputum is associated with an increase in its dry weight and also with its content of sialic acid. One possible explanation is that this condition arises from a disturbance in the permeability of the membrane. It may be that there is too rapid a transudate of fluid through the cells and the administration of steroids allows time for elaboration of the normal mucopolysaccharides of the bronchial tree.
